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A MECHANISTIC STUDY OF NUCLEATE BOILING HEAT TRANSFER

UNDER MICROGRAVITY CONDITIONS
V.K. Dhir' and M.M. Hasan’

'University of California Los Angeles, Department of Mechanical and Aerospace Engineering,
Los Angeles, CA 90095, U.S.A , e-mail: vdhir@seas.ucla.edu
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ABSTRACT

Experimental studies of growth and detachment processes of a single bubble and multiple
bubbles formed on a heated surface have been conducted in the parabola flights of KC-135 aircraft.
Distilled water and PF5060 were used as the test liquids. A micro-fabricated test surface was
designed and built. Artificial cavities of diameters 10 um, 7 pm and 4 pm were made on a thin
polished Silicon wafer that was electrically heated by a number of small heating elements on the
back side in order to control the surface superheat.

Bubble growth period, bubble size and shape from nucleation to departure were measured
under subcooled and saturation conditions. Significantly larger bubble departure diameters and
bubble growth periods than those at earth normal gravity were observed. Bubble departure
diameters as large as 20 mm for water and 6 mm for PF5060 were observed as opposed to about 3
mm for water and less than 1 mm for PF5060 at earth normal gravity respectively. It is found that

the bubble departure diameter can be approximately related to the gravity level through the relation

D, o 1/4Jg . For water, the effect of wall superheat and liquid subcooling on bubble departure

diameter is found to be small. The growth periods are found to be very sensitive to liquid
subcooling at a given wall superheat. However, the preliminary results of single bubble dynamics

using PF5060 showed that the departure diameter increases when wall superheat is elevated at the
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same gravity and subcooling. Growth period of single bubbles in water has been found to vary as
t, oc g%

For water, when the magnitude of horizontal gravitational components was comparable to
that of gravity normal to the surface, single bubbles slid along the heater surface and departed with
smaller diameter at the same gravity level in the direction normal to the surface. For PF5060, even a
very small horizontal gravitational component caused the sliding of bubble along the surface.

The numerical simulation has been carried out by solving under the condition of axi-
symmetry, the mass, momentum, and energy equations for the vapor and the liquid phases. In the
model the contribution of micro-layer has been included and instantaneous shape of the evolving
vapor-liquid interface is determined from the analysis. Consistent with the experimental results, it is
found that effect of reduced gravity is to stretch the growth period and bubble diameter It is found
that effect of reduced gravity is to stretch the growth period and bubble diameter at departure. The
numerical simulations are in good agreement with the experimental data for both the departure
diameters and the growth periods.

In the study on dynamics of multiple bubbles, horizontal merger of 2, 3 4, and 5 bubbles was
observed. It is found that after merger of 2 and 3 bubbles the equivalent diameter of the detached
bubble is smaller than that of a single bubble departing at the same gravity level. During and after
bubble merger, liquid still fills the space between the vapor stems so as to form mushroom type
bubbles.

The experimental and numerical studies conducted so far have brought us a step closer to
prediction of nucleate boiling heat fluxes under low gravity conditions. Preparations for a space

flight are continuing.
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